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Abstract: Melipona grandis has a wide geographic distribution in Latin America. Moreover, it is a species 
used in honey production by native meliponicultors of Acre. This study aimed to identify plants visited by 
M. grandis and indicate the degree of specialization of this bee in the collection of trophic resources, being 
conducted between November 2016 and October 2017. Altogether, 26 samplings were performed. The most 
common pollen types were: Solanum type (Solanaceae); Cassia mimosoides (Fabaceae/Caesalpinioideae); 
Mimosa caesalpiniifolia; Mimosa pudica (Fabaceae/Mimosoideae) and Miconia type (Melastomataceae). 
The months with greatest wealth of pollen types were: July, May and August. Arboreal and shrubby plants 
were the main resource suppliers for M. grandis, being 48.78 % (arboreal) and 34.15 % (shrubby). The degree 
of specialization of this bee is clearly associated with the abundance of resources throughout the year, Levins 
Index (B) for trophic niche amplitude 6.975, Standardized Index (Bsta) 0.314, characterizing M. grandis as 
polyletic.
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INTRODUCTION
Stingless bees are the most diverse group among 
social bees (Malerbo-Souza & Halak 2016). 52 
genera are currently known, and about 417 
species inhabit the Neotropical region (Camargo 
& Pedro 2013). The records for Brazil are 29 genus 
and 244 species, of which 100 are present in the 
Legal Amazon, and 61 species can be found in 
Acre (Pedro 2014). In tropical forests, species of 
Melipona Illiger, 1806 visit approximately 800 
plant species to collect trophic resources used to 
maintain their colonies (Camargo & Pedro 2013), 
which demand a large amount of food throughout 
the year (Ramalho et al. 2007, Crowther et al. 2014). 
They are important pollinators in crops and natural 
ecosystems because of the generalist interactions 
with Angiosperms (Hilário et al. 2000, Slaa et al. 
2006, Souza et al. 2006, Crowther et al. 2014, Smith 
et al. 2016).
Melipona grandis (Hymenoptera, Apidae)  has 
wide geographical distribution and can be found 
in Bolivia (El Beni, La Paz, Pando, Santa Cruz); 
Brazil (Acre, Amazonas, Mato Grosso, Rondonia); 
Colombia (Amazonas, Cumdinamarca, Goal); 
Ecuador (Napo) and Peru (Loreto, Pasco, San 
Martín) (Camargo & Pedro 2013, Pedro 2014). It is a 
robust bee, its total length measures approximately 
14 mm; the previous wing length is about 9.8 mm 
and the width about 4.5 mm (Oliveira et al. 2013). 
This species builds perennial and populous nests in 
tree hollows established in shady areas of floodplain 
Correia et al. | 677 
Oecol. Aust. 24(3): 676–687, 2020
and igapó forests, as well as in anthropized locations 
(Camargo 1970, Oliveira et al. 2013). Moreover, it 
is a species used in honey production by native 
meliponicultors of Acre (Magalhães & Venturieri 
2010).
However, until now, the trophic niche of this 
species is little known. The identification of the 
plants visited by M. grandis by pollen analysis is 
fundamentally important. This method allows 
to know the preferred food sources and other 
behavioral aspects of foraging from this group of 
insects (Marques-Souza et al. 2002, Alves et al. 2006, 
Oliveira et al. 2009, Vossler 2014).  The presente 
study aimed to identify plants visited by M. grandis 
and indicate the degree of specialization of this bee 
in the collection of trophic resources. 
MATERIAL AND METHODS
The study was conducted between November 
2016 to October 2017, in a meliponary set up on 
a rural property located 2 km from Rio Branco, 
Acre (9°55’57”S; 67°53’19”W). The property and its 
surroundings consist of grazing and fragments 
of native vegetation, being close to urban areas 
(Figure 1).
To obtain the pollen samples were used three 
colonies of M. grandis, kept in standard boxes, 
model INPA, at biweekly intervals. Altogether, 26 
samplings were performed. Each day sampled, 
held every two weeks, 10 workers returning 
from the field were captured randomly using 
entomological net, always in the morning of the 
highest pollen collection intensity. The bees were 
then sacrificed in 70 % alcohol to remove pollen 
grains trapped in their body.
For each sample a set of three microscopy 
slides was assembled. The pollen grains were 
fixed in glacial acetic acid and treated by 
Erdtman’s (1960) acetolysis method, observed 
and photographed using a Leica DM750 optical 
microscope coupled with a 3.3-megapixel EC4 
high definition color camera. The images were 
captured at 1,000x magnifications and used for 
Figure 1. Aerial view indicating the location of the meliponary where the study was developed and its 
surroundings (Google Earth ™).
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characterization of the grains in family, genus 
or species, according to the “type” methodology 
described by De Klerk & Joosten (2007). For 
identification we used a reference palinoteca, 
built with pollen grains collected from flowering 
plants, in the study place and its surroundings. 
After the identifications, it was also verified as to 
the habit (Arboreal, herbaceous, shrub, creeper 
or subshrub) of the resource supplying plants.
The frequency of occurrence (FO) of pollen 
types in the sample set followed the proposed 
model by Jones & Bryant (1996): rare (< 10 %); 
uncommon (from 10 to 20 %); frequent (from 21 
to 50 %) and very frequent (> 50 %), based on the 
percentage of occurrence of each pollen type. 
The trophic niche amplitude (diet amplitude) 
was estimated using the Ecological Methodology 
software, version 7.3 (Krebs 2016) according to 
the Levin’s Standardized Index (B) (Krebs 1999): 
B = 1/Σpi2
, where, B is the amplitude of the trophic niche 
of the species; i is the category of used resource; p 
is the proportion of category i used by the species.
The value of B varies from 1 to n, where n 
represents total number of registered resources. 
The standardization is expressed by the formula: 
Bsta = B-1/n-1
Niche values close to 1 indicate that the 
species collects resources in a wide range of plant 
species. Values close to zero indicate preference 
for few plant species and zero, the use of a single 
species.
RESULTS
The comparison between pollen grains collected 
from the bee body and the reference palinoteca, 
it was possible to identify 41 pollen types 
distributed in 20 families and 34 genera. Of 
this quantity, 16 were identified at species level 
(Figures 2, 3, 4 and 5).
Fabaceae was the family with the highest 
frequency of occurrence (FO) in the sample (34.15 
%), and the genus Mimosa presented FO = 12.20 
%, being the most representative. All the other 
taxa had FO < 10 % (Figure 6). Therefore, there 
were no very frequent (21 to 50 %) or frequent (> 
50 %) classifications for pollen types.
Particularly, the most common pollen types 
were: Solanum type in 10 of the 12 months 
sampled, followed by Cassia mimosoides; Mimosa 
caesalpiniifolia and Miconia type in nine and 
Mimosa pudica in eight. In addition, the months 
with the highest pollen types were: July with 17 
types, May with 16 and August with 13 (Figure 7).
When the habit of the identified plants was 
evaluated, it was found that plants of arboreal 
and shrub size were the most visited by workers 
of M. grandis, being 48.78 % (arboreal) and 34.15 
% (shrub) (Figure 8).
Regarding the body pollen profile of M. 
grandis workers, it was found that the degree 
of specialization of this bee in the use of 
floral resources is clearly associated with the 
abundance of pollen sources offered throughout 
the year. The Levins Index (B) for trophic niche 
amplitude of the species was 6.975, while the 
standardized index (Bsta) was 0.314, indicating 
inequality in the use of some sources of floral 
resources. 
DISCUSSION
Among the 20 botanical families identified in 
the sample set, Fabaceae was the most visited by 
workers of M. grandis (FO = 34.15 %). This family 
is among the most important sources of nectar 
and pollen for stingless bees in the Amazon 
(Oliveira et al. 2009, Absy et al. 2018, Souza et 
al. 2018). In surveys conducted by Marques-
Souza et al. (2007) with pollen basket samples 
of Scaptotrigona fulvicutis (Hymenoptera, 
Apidae) identified 97 pollen types belonging to 36 
families, with Fabaceae being the most frequent 
with 45.1 %; Ferreira (2014) analyzed the trophic 
niche of the species M. seminigra (Hymenoptera, 
Apidae) and M. interrupta (Hymenoptera, 
Apidae) identifying 67 pollen types distributed 
in 27 botanical families and Fabaceae was the 
second most abundant with 33.2 % of the total 
taxa sampled; Correia (2016) analyzing the pollen 
niche of the species M. eburnea in the same area 
evaluated in this study, observed that Fabaceae 
represented 67.2 % of all pollen collected by this 
bee. These works demonstrate the importance 
of this family as a supplier of floral resources 
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Figure 2. Optical photomicrographs of pollen types collected by Melipona grandis: Amaranthaceae 
–Gomphrena (1), Alternanthera (2); Amaryllidaceae – Crinum (3); Anacardiaceae – Tapirira 
guianensis (4); Arecaceae – Astrocaryum aculeatum (5); Boraginaceae – Cordia (6); Burseraceae – 
Protium (7); Combretaceae – Combretum (8); Cyperaceae – Scleria (9); Dilleniaceae – Doliocarpus 
(10); Fabaceae – Cassia mimosoides (11), Cassia (12). (bars = 20 μm).
Oecol. Aust. 24(3): 676–687, 2020
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Figure 3. Optical photomicrographs of pollen types collected by Melipona grandis: Fabaceae – 
Cynometra (13); Diplotropis (14); Hymenaea (15); Leucaena (16); Machaerium (17); Mimosa (18); 
Mimosa caesalpiniifolia (19); Mimosa guilandinae (20); Mimosa pudica (21); Mimosa pigra (22); 
Schizolobium (23); Swartzia (24). (bars = 20 μm).
Correia et al. | 681 
Oecol. Aust. 24(3): 676–687, 2020
Figure 4. Optical photomicrographs of pollen types collected by Melipona grandis: Lamiaceae – 
Hyptis (25); Malpighiaceae – Malpighia glabra (26); Malvaceae – Hybiscus (27); Melastomataceae 
– Bellucia imperialis (28), Miconia (29); Myrtaceae – Eugenia stipitata (30), Syzygium malaccense 
(31); Polygonaceae – Antigonon leptopus (32), Triplaris (33); Rubiaceae – Isertia (34); Warszewiczia 
coccinea (35); Sapindaceae – Paullinia cupana (36). (bars = 20 μm).
Oecol. Aust. 24(3): 676–687, 2020
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Figure 6. Pollen types present in Melipona grandis samples and their respective 
percentages in the sample set.
Figure 5. Optical photomicrographs of pollen types collected by Melipona grandis: Sapindaceae 
– Talisia (37); Solanaceae – Solanum stramonifolium (38), Solanum rugosum (39), Solanum (40); 
Urticaceae – Cecropia (41). (bars = 20 μm).
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Figure 7. Pollen types found in Melipona grandis for each month sample, from November 2016 
to October 2017.
for stingless bees, as well as in the formation of 
meliponícola pastures.
The genus Mimosa (Fabaceae) with significant 
representation in present study has been 
mentioned as an important supplier of trophic 
resources for bees (Carvalho et al. 2006, Nascimento 
et al. 2009, Ferreira & Absy 2015, Correia 2016), 
including in Amazon region (Oliveira et al. 2009). 
According to Ramalho et al. (1990) and Martins et 
al. (2011), the dominance of the genus Mimosa in 
pollen samples is related to its ability to develop 
abundantly in various regions, to have mass 
flowering and flowering periods in succession, 
and to well adapted in disturbed environments. 
Here we work with frequency of occurrence and 
maybe that’s why Fabaceae was highlighted with 
several species, placing it as the most important 
in this study. Thus, the richness of pollen types of 
Oecol. Aust. 24(3): 676–687, 2020
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the Fabaceae family found in the body profile was 
determinant.
Melipona bees tend to have selectivity 
regarding the visitation of plants to collect food 
resources, concentrating on a few botanical 
species such as a way to maximize foraging 
efficiency (Absy et al. 1984, Antonini et al. 2006, 
Kleinert et al. 2009, Fidalgo & Kleinert 2010, 
Ferreira & Absy 2015, Chidi & Odo 2017) On the 
other hand a greater variety of plant visitation 
may be related to factors outside the colony, the 
main one being rainfall (Correia et al. 2018). This 
statement corroborates the observations made 
in present work, given that the months with the 
greatest variety of pollen types coincided with 
the decrease of the rainfall in the Amazon, which 
generally varies from May to September (Fisch et 
al. 1998). Similar results were also described by 
Absy et al. (1984), Marques-Souza (1996), Correia 
et al. (2018).
Although the results show that M. grandis 
prefers some plant species to collect floral 
resources, Ramalho et al. (1985), Velthus (1992), 
Modro et al. (2011) report that pollen types with 
(FO) below < 10 % can be considered secondary 
resources, being used as a food supplement when 
there are fewer species in flowering. This way M. 
grandis would increase or decrease its trophic 
niche according to the flowering intensity. 
As for M. grandis preference in collecting tree 
and shrub resources, it happens because bees 
tend to forage on plants that offer large amounts of 
flowers, allowing workers to visit as many anthers 
on the same trip (Vossler 2014, Rech & Absy 
2011 Absy et al., 2018). Also, a tree with massive 
flowering increase the attractiveness for bees 
(Brito et al. 2015). Moreover, the close relationship 
between stingless bees and mass flowering plants 
seems to be related to the abundance of trees in 
neotropical areas (Ramalho 2004).
The observation of the broad floral spectrum 
visited by M. grandis characterizes this species 
as polyletic, although with a strong preference 
for plants grouped in Fabaceae. However, 
palynological studies by Biesmeijer & Slaa 
(2006), Hilgert-Moreira et al. (2013), Vossler 
(2014) demonstrate that the habit of foraging in 
a large number of plants concentrating on some 
is characteristic of several species of stingless 
bees, and results from the association of several 
factors, among them the quality resources 
offered, high energy expenditure for long-
distance travel, floral constancy and information 
exchange among workers about the location of 
food sources (Roubik 1989, Ramalho et al. 2007).
Although M. grandis showed significant 
diversity in the trophic resources collection 
throughout the year, the methodology employed 
in the study did not make it possible to determine 
supplier plants and pollen and / or nectar. On 
Figure 8. Visitation frequency from pollen identified in Melipona grandis body 
based on the life-form of visited plants.
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the other hand, it was possible to demonstrate 
potential food sources for this bee species.
Studies like this have contributed significantly 
to the development of meliponiculture in Brazil. 
However, in Acre, there are few palynological 
studies focused on the knowledge of meliponicola 
pastures for species of stingless bees of the genus 
Melipona created in the region.
ACKNOWLEDGMENT
The authors thank Mr. Paulo Faustino for allowing 
the development of the study in his meliponary.
REFERENCES
Absy, M. L., Rech, A. R., & Ferreira, M. G. 2018. Pollen 
Collected by Stingless Bees: A Contribution to 
Understanding Amazonian Biodiversity. In: 
P. Vit., S. E. M. Pedro & D. Roubik (Eds.), Pot-
Pollen in Stingless Bee Melittology. pp. 29–46. 
Berlim: Springer International Publishing. DOI 
10.1007/978-3-319-61839-5_3
Absy, M. L., Camargo, J. M. F., Kerr, W. E. & Miranda, 
I. P. A. 1984. Espécies de plantas visitadas por 
Meliponinae (Hymenoptera: Apoidea), para 
coleta de pólen na região do médio Amazonas. 
Brazilian Journal of Biology, 44(2), 227–237.
Alves, R. M. O., Carvalho, C. A. L., & Souza, B. 
A. 2006. Espectro polínico de amostras de 
mel de Melipona mandacaia Smith, 1863 
(Hymenoptera: Apidae). Acta Scientiarum - 
Biological Sciences, 28(1), 65–70. DOI: 10.4025/
actascibiolsci.v28i1.1061
Antonini, Y., Soares, S. M., & Martins, R. P. 2006. 
Pollen and nectar harvesting by the stingless bee 
Melipona quadrifasciata anthidioides (Apidae: 
Meliponini) in an urban forest fragment in 
Southeastern Brazil. Studies on Neotropical 
Fauna and Environment, 41(3), 209–215. DOI: 
10.1080/01650520600683088
Biesmeijer, J. C., & Slaa, E. J. 2006. The structure of 
eusocial bee assemblages in Brazil. Apidologie, 
37(2), 240-–258. DOI: 10.1051/apido:2006014
Brito, V.L. G., Weynans, K., Sazima, M., & Lunau, 
K. 2015. Trees as huge flowers and flowers 
as oversized floral guides: the role of floral 
color change and retention of old flowers in 
Tibouchina pulchra. Frontiers in Plant Science, 
6, 362–362. DOI: 10.3389/fpls.2015.00362
Camargo, J. M. F., & Pedro, S. R. M. 2013. Meliponini 
Lepeletier, 1836. In: J. S. Moure., D. Urban & G. A. 
R. Melo (Eds.), Catalogue of Bees (Hymenoptera, 
Apoidea) in the Neotropical Region.   pp. 
272–578. Curitiba, PR: Sociedade Brasileira de 
Entomologia.
Camargo, J. M. F. 1970. Ninhos e biologia de algumas 
espécies de Meliponídeos (Hymenoptera: 
Apidae) da região de Porto Velho, Território de 
Rondônia, Brasil.  Revista de Biologia Tropical 
16(2), 207–239.
Carvalho, C. A. L., Nascimento, A. S., Pereira, 
L. L., Machado, S. M., & Clarton, L. 2006. 
Fontes nectaríferas e poliníferas utilizadas 
por Melipona quadrifasciata (Hymenoptera: 
Apidae) no Recôncavo Baiano. Magistra, Cruz 
das Almas, 18(4), 249–256.
Chidi, O. H., & Odo, P. E. 2017. Meliponiculture 
for sustainable economy. In: Proceeding of the 
4th Delta State University Faculty of Science 
International Conference, Abraka, Delta State, 
Nigeria, 131–137.
Correia, F. C. S., Peruquetti, R C., & Ferreira, M. G. 
2018. Análise do nicho trófico e da influência das 
precipitações no forrageamento de Melipona 
eburnea Friese (Apidae: Meliponina) criadas no 
Acre, Brasil. EntomoBrasilis, 11(1), 13–19. DOI: 
10.12741/ebrasilis.v11i1.711
Correia, F. C da S. 2016. Pólen coletado por Melipona 
eburnea Friese, 1900 (Apidae, Meliponina) em 
Rio Branco – Acre. Master thesis. Departamento 
de Ciências Biológicas e da Natureza da 
Universidade Federal do Acre. p. 67.  
Crowther, L. P., Hein, P. L., & Bourke, A. F. G. 2014. 
Habitat and Forage Associations of a Naturally 
Colonising Insect Pollinator, the Tree Bumblebee 
Bombus hypnorum. PLoS ONE 9(9), e107568.   
DOI: 10.1371/journal.pone.0107568
De Klerk, P., & Joosten, H. 2007. The difference 
between pollen types and pollen taxa: a plea 
for clarity and scientific freedom. Quaternary 
Science Journal, 56(3), 24–33. DOI:10.3285/
eg.56.3.02
Erdtman, G. 1960. The Acetolysis Method. A Revised 
Description. Svensk Botanisk Tidskrift, 54(4), 
561–564.
Ferreira, M. G., & Absy, M. L. 2015. Pollen niche 
and trophic interactions between colonies of 
Melipona (Michmelia) seminigra merrillae 
and Melipona (Melikerria) interrupta (Apidae: 
Oecol. Aust. 24(3): 676–687, 2020
 686 | Collected trophic resources by Melipona grandis
Meliponini) reared in floodplains in the Central 
Amazon. Arthropod Plant Interact 9(3), 263–279. 
DOI:10.1007/s11829-015-9365-0.
Ferreira, M. G. 2014. Exploração de recursos tróficos 
por Melipona (Michmelia) seminigra merrillae 
Cockerell, 1919 e Melipona (Melikerria) 
interrupta Latreille, 1811 (Apidae: Meliponini) 
criadas em meliponários na Amazônia Central. 
Doctoral thesis. Departamento de Entomologia 
do Instituto Nacional de Pesquisas da Amazônia. 
p. 140.
Fidalgo, A. O., & Kleinert, A. M. P. 2010. Floral 
preferences and climate influence in nectar 
and pollen foraging by Melipona rufiventris 
Lepeletier (Hymenoptera: Meliponini) in 
Ubatuba, São Paulo State. Brazil. Neotropical 
Entomology, 39(6), 879–884. DOI:  10.1590/
s1519-566x2010000600005
Fisch, G., Marengo, J. A., & Nobre, C. A., 1998. Uma 
revisão geral sobre o clima da Amazônia. Acta 
Amazonica, 28 (2), 101–126. DOI: 10.1590/1809-
43921998282126
Hilário, S. D., Imperatriz-Fonseca, V. L., & Kleinert, 
A. M. P. 2000. Flight activity and colony strength 
in the stingless bee Melipona bicolor bicolor 
(Apidae, Meliponinae). Revista Brasileira de 
Biologia, 60(2), 299–306. DOI: 10.1590/S0034-
71082000000200014
Hilgert-Moreira, S. B., Nascher, C. A., Callegari-
Jacques, S. M., & Blochtein, B.  2013. Pollen 
resources and trophic niche breadth of Apis 
mellifera and Melipona obscurior (Hymenoptera, 
Apidae) in a subtropical climate in the Atlantic 
rain forest of southern Brazil. Apidologie, 45(1), 
129–141. DOI: 10.1007/s13592-013-0234-5
Jones, G. D., & Bryant Jr, V. M. 1996. 
Melissopalynology. In: J. Jansonius & D. C. 
McGregor (Eds.), Palynology, principles and 
applications. pp. 933–938. Dollas: American 
Association of Stratigraphic Palynologists 
Foundation.
Kleinert, A. M. P., Ramalho, M., Cortopassi-Laurino, 
M., Ribeiro, M. F., & Imperatriz-Fonseca, V. 
L. 2009. Abelhas sociais (Meliponini, Apini, 
Bombini). In: A.R. Panizzi & J. R. P. Parra (Eds.), 
Bioecologia e nutrição de insetos - Base para 
o manejo integrado de pragas. pp. 373–426. 
Brasília: Embrapa Informação Tecnológica.
Krebs, C. J. 2016. Why Ecology Matters. Chicago: 
University of Chicago Press: p. 208. 
Krebs, C. J. 1999. Ecological Methodology.  2ª ed. 
Benjamin Cummings: Menlo Park: p. 620.
Magalhães, T. L., & Venturieri, G. C. 2010. Aspectos 
econômicos da criação de abelhas indígenas 
sem ferrão (Apidae: Meliponini) no nordeste 
paraense. Belém: Embrapa Amazônia Oriental: 
p. 36. 
Malerbo-Souza, D. T., & Halak, A. L. 2016. Flight 
activity of stingless bees Tetragonisca angustula 
(Hymenoptera: Apidae: Meliponini) during in 
the year. Entomotropica, 31(39), 319–331.
Marques-Souza, A. C., Absy, M. L., & Kerr, W. E. 2007. 
Pollen harvest features of the CentralAmazonian 
bee Scaptotrigona fulvicutis Moure, 1964 
(Apidae: Meliponinae), in Brazil. Acta Botânica 
Brasílica, 21, 11–20. DOI: 10.1590/S0102-
33062007000100002 
Marques-Souza, A. C., Miranda, I. P. A., Moura, C. O., 
Rabelo, A., & Barbosa, E. M. 2002. Características 
morfológicas e bioquímicas do pólen coletado 
por cinco espécies de meliponíneos da 
Amazônia Central. Acta Amazonica, 32(2), 217–
229. DOI: 10.1590/1809-43922002322229.
Marques-Souza, A. C., Moura, C. O., & Nelson, B. 
W. 1996. Pollen collected by Trigona williana 
(Hymenoptera: Apidae) in Central Amazônia. 
Revista Brasileira de Biologia, 44(2), 567–573. 
Martins, A. C. L., Rêgo, M. M. C., Carreira, L. M. 
M., & Albuquerque, P. M. C. 2011. Espectro 
polínico de mel de tiúba (Melipona fasciculata 
Smith, 1854, Hymenoptera, Apidae). Acta 
Amazonica, 41(2), 183–190. DOI: 10.1590/
S0044-59672011000200001 
Modro, A. F. H., Marchinii, L. C., & Moreti, A. 
C. C. C. 2011. Origem botânica de cargas de 
pólen de colmeias de abelhas africanizadas 
em Piracicaba, SP. Ciência Rural, Santa Maria, 
41(11), 1944–1951. DOI: 10.1590/S0103-
84782011005000137 
Nascimento, A. S., Carvalho, C. A. L., Sodre, G. S., 
Pereira, L. L., Machado, C. S., & Jesus, L. S. 2009. 
Recursos nectaríferos e poliniferos explorados 
por Melipona quadrifasciata anthidioides em 
Cruz das Almas, Bahia. Magistra, Cruz das 
Almas, 21(1), 25–29. 
Oliveira, F. F. B., Richers, T. T., Silva, J. R., Farias, R. 
C., & Matos, T. A. L., 2013. Guia Ilustrado das 
Abelhas “Sem-Ferrão” das Reservas Amanã 
e Mamirauá, Brasil (Hymenoptera, Apidae, 
Meliponini). Tefé: IDSM, p. 267.
Correia et al. | 687 
Oecol. Aust. 24(3): 676–687, 2020
Oliveira, F. P. M., Absy, M. L., & Miranda, I. S. 2009. 
Recurso polínico coletado por abelhas sem 
ferrão (Apidae, Meliponinae) em um fragmento 
de floresta na região de Manaus-Amazonas. 
Acta Amazonica, 39(3), 505–518. DOI: 10.1590/
S0044-59672009000300004.
Pedro, S. R. M.  2014. The Stingless Bee Fauna In 
Brazil (Hymenoptera: Apidae). Sociobiology, 
61(4), 348–354. DOI: 10.13102/sociobiology.
v61i4.348-354
Ramalho, M., Silva, M. D. & Carvalho, C. A. L. 
2007. Dinâmica de Uso de Fontes de Pólen por 
Melipona scutellaris Latreille (Hymenoptera: 
Apidae): Uma Análise Comparativa com 
Apis mellifera L. (Hymenoptera: Apidae), 
no Domínio Tropical Atlântico. Neotropical 
Entomology, 36(1), 38–45. DOI: 10.1590/S1519-
566X2007000100005.
Ramalho M. 2004. Stingless bees and mass 
flowering trees in the canopy of Atlantic 
Forest: A tight relationship. Acta Botanica 
Brasilica, 18(1), 37–47. DOI:10.1590/S0102-
33062004000100005
Ramalho, M., Kleinert-Giovannini, A., & 
Imperatriz-Fonseca, V. L. 1990. Important 
bee plants for stingless bees (Melipona and 
Trigonini) and Africanized honeybees (Apis 
mellifera) in neotropical habitats: a review. 
Apidologie, 21(5), 469–488. DOI: 10.1051/
apido:19900508
Ramalho, M., Imperatriz-Fonseca, V. L., Kleinert-
Giovannni, A., & Cortopassi-Laurino, M. 1985. 
Exploitation of floral resources by Plebeia 
remota Holmberg (Apidae, Meliponinae). 
Apidologie, 16(3), 305–330. DOI: 10.1051/
apido:19850306
Rech, A. R., & Absy, M. L. 2011. Pollen storages in 
nests of bees of the genera Partamona, Scaura 
and Trigona (Hymenoptera, Apidae). Revista 
Brasileira de Entomologia, 55(3), 361–372. 
DOI:10.1590/S0085-56262011005000026 
Roubik, D. W. 1989. Ecology and natural history 
of tropical bees. Cambridge: Cambridge 
University Press: 514 p.
Slaa, E. J., Sànchez Chaves, L. A., Malagodi-Braga, 
K. S., & Hofstede, F. E. 2006. Stingless bees in 
applied pollination: practice and perspectives. 
Apidologie, 37(2), 293–315. DOI: 10.1051/
apido:2006022
Smith, J. P., Heard, T. A., Beekman, M., & Gloag, R. 
2016. Flight range of the Australian stingless 
bee Tetragonula carbonaria (Hymenoptera: 
Apidae). Austral Entomology, 56(1), 150–153. 
DOI:10.1111/aen.12206
Souza, R.R., Abreu, V.H.R., & Novais, J.S. 2018. 
Melissopalynology in Brazil: A map of pollen 
types and published production between 2005 
and 2017. Palinology 43(4), 690–700. DOI: 
10.1080/01916122.2018.1542355
Souza, B.A., Carvalho, C.A.L., & Alves, R.M.O. 
2006. Flight activity of Melipona asilvai Moure 
(Hymenoptera: Apidae). Brazilian Journal of 
Biology, 66 (2b), 731–737. DOI: 10.1590/S1519-
69842006000400017 
Velthus, H. H. W. 1992. Pollen digestion and the 
evolution of sociality in bees. Bee World, 73(2), 
77–89. DOI: 10.1080/0005772X.1992.11099119
Vossler, F. G. 2014. Small pollen grain volumes 
and sizes dominate the diet composition 
of three South American subtropical 
stingless bees. Grana, 54(1), 68–81. DOI: 
10.1080/00173134.2014.932838
Submitted: 19 January 2020
Accepted: 19 March 2020
Published on line: 01 April 2020
Associate Editor: Gudryan Barônio
